Carbamazepine and 10,11-epoxycarbamazepine produce use- and voltage-dependent limitation of rapidly firing action potentials of mouse central neurons in cell culture.
Effects of the anticonvulsant, carbamazepine (CBZ), on mouse central neurons in cell culture were examined using intracellular recording techniques. Spinal cord and cortical neurons demonstrated sustained repetitive firing (SRF) of action potentials (APs) at high frequency in response to depolarizing current pulses. Hippocampal neurons fired rapidly only in the pressure of the calcium channel blocker verapamil (1 microM). Concentrations of CBZ equivalent to therapeutic anticonvulsant levels in cerebrospinal fluid (greater than 4.2 microM) limited firing to a few action potentials in all three cell types in parallel with use-dependent reduction of AP maximal rate of rise (Vmax). Resting membrane properties and postsynaptic responses to ionophoretically applied gamma-aminobutyric acid and glutamate were unaffected. The CBZ metabolite, 10,11-epoxycarbamazepine, limited SRF at a concentration (4 microM) encountered at therapeutic CBZ levels. Another major CBZ metabolite, the 10,11-diol, limited SRF only at concentrations greater than those encountered with therapeutic serum CBZ levels. In control medium, APs could be evoked at a maximal rate of 450 Hz while in CBZ (10.6 microM) AP frequency was limited to 100 to 200 Hz. Limitation of SRF was voltage-dependent and could be partially reversed, or prevented, by membrane hyperpolarization. In addition, recovery of Vmax of sodium-dependent action potentials from inactivation was slowed, suggesting an effect on voltage-dependent sodium channels. CBZ and phenytoin effects of SRF were similar. We suggest that limitation of sustained high frequency repetitive firing may be a significant anticonvulsant action of carbamazepine. The 10,11-epoxy derivative of CBZ, but not the 10,11-diol, may contribute to anticonvulsant efficacy by the same mechanism.